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(54) Broadband optical amplifier 

(57) The invention relates to an optical amplifier 
comprising : 

an optical divider for dividing input signal light ac- 
cording to wavelengths, 

two amplifying sections (1, 2) disposed in parallel 
and having different wavelength amplification re- 



gions for amplifying respective light signals emitted 
from the optical divider, 

an optical combiner for combining the light signals 
cutpui from the respective amplifying sections, and 
an optical filter disposed in series with at least one 
of the two amplifying sections for generating a loss 
in a specific wavelength region. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an optical am- 
plifier for use in optical fiber communication systems 
and optical signal processing systems. 
[0002] This application is based on patent application 
No. Hei 11-197126, the content of which is incorporated 
herein by reference. 

Description of the Related Art 

[0003] The basic configuration of a conventional op- 
tical amplifier is shown in Figure 22. This optical ampli- 
fier is comprised by two amplifying sections having dif- 
ferent gain band regions (L-amplifying section and S- 
amplifying section), a divider, and a combiner and at- 
tempts to broaden the operational bandwidths by cou- 
pling the two gain band regions in the wavelength do- 
main, (refer to "Broadband and gain-flattened amplifier 
composed of a 1 .55 (jm-band and a 1 .58 u.m-band Er 3 *- 
doped fiber amplifier in a parallel configuration", M. Ya- 
mada et. a!., IEE Electronics Letters, Vol. 33, No. 8, 
1977, pp710-711) (Reference 1). 
[0004] Various types of dividers and combiners are 
utilized in constructing such optical amplifiers, and they 
can be classified as a dielectric multi-layer filter or a 
combination of fiber grating in association with circula- 
tor. Those based on dielectric multi-layer filter are re- 
ported in the following references. 

"Broadband and gain-flattened amplifier composed 
of a 1 .55 u/n-band and a 1 .58 jam-band Er^-doped 
fiber amplifier in a parallel configuration", M. Yama- 
da et. al., IEE Electronics Letters, vol. 33, no. 8, 
1977, pp71 0-711. (Reference 1) 
Japanese Unexamined Patent Application, First 
Publication, No. Hei 10-229238, Publication Date, 
August 25 : 1998. (Reference 2) 
Japanese Unexamined Patent Application, First 
Publication, No. Hei 11-204859, Publication Date, 
July 30, 1999. (Reference 3) 
International Application Published under the Pat- 
ent Cooperation Treaty, PCT/US 98/1 6558, "Optical 
amplifier apparatus", International publication date, 
April 8, 1 999, International Publication Number WO 
99/17410. (Reference 4) 

[0005] Those based on a combination of circulator 
and fiber grating are reported in the following referenc- 



European Patent A p plication, EP 0 B8 3_218-A.1.- 
"Wide band optical amplifier", Publication date 
09.12.1998. (References) 



"A gain-flattened ultra wide band EDFA for high ca- 
pacity WDM optical communication systems", Y. 
Sun et. al., Technical Digest of ECOC'98, pp.53-54, 
1998. (Reference 6) 

s 

[0006] The following reference does not specify what 
type of device is used. 

Japanese Unexamined Patent Application, First 
to Publication, No. Hei 4-101124, Publication Date, 
April 2, 1992. (Reference 7) 

[0007] All of the above references assume that the 
wavelength division properties are either perfect or 

15 present no particular problems. 

[0008] However, as will be shown with specific exam- 
ples in the following, wavelength division properties of 
these devices are not perlect, and problems are en- 
countered depending on the manner and conditions of 

20 applying the amplifiers. 

[0009] First, the most common problem of such am- 
plifiers is encountered when the dividers and combiners 
are made o1 dielectric multi-layer filters. Figures 1 A and 
1 B show the configuration of a conventional optical am- 

25 plifier, where Figure 1 A shows a design based on die- 
lectric multi-layer filters of the long wavelength transmis- 
sion type (L-type) for the divider and combiner, repre- 
sented by L-divider (3) and L-combiner (4), and Figure 
1 B shows a design based on dielectric multi-layer filters 

30 of the short wavelength transmission type (S-type) for 
the divider and combiner, represented by S-divider (5) 
and S-combiner (6). 

[001 0] The amplifying section has a gain medium and 
a pumping section for excitation, and examples of such 

35 optical amplifiers are rare-earth doped fiber amplifier, 
fiber Raman amplifier and semiconductor laser amplifi- 
er. The rare-earth doped fiber amplifiers include erbium- 
doped fiber amplifier and the like, and according to 
"Wideband erbium-doped fibre amplifiers with three- 

40 stage amplification", H. Masuda et. al., IEE Electronics 
Letters, vol. 34, no. 6, 1998, pp567-568 (Reference 8), 
it is advantageous when such an amplifier has a gain 
equalizer to broaden the region of flat gain because 
such an amplifier can produce a large total gam band- 

45 width. 

[0011] In optical communication systems, optical am- 
plifiers are generally designed to receive wavelength- 
multiplexed light signals : and in optical signal process- 
ing systems for instruments and the like, optical ampli- 

50 fjers are generally designed to receive wavelength- mul- 
tiplexed light signals or single wavelength light signals. 
[0012] Figures 2A and 2B show configurations of the 
divider, where Figure 2A represents an L-type dielectric 
~ multi-layer filter (L-divider), and Figure 2B represents an 

55 s-type dielectric multi-layer filter (S-divider). The L-di- 

vider-receives-input-light con taining-a-short -wavelength - 

)js and a long wavelength X/in the common port (c), and 
transmits a long wavelength XI from the transmission 
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port (/) and reflects a short wavelength Xs from the re- 
flection port (s). On the other hand, the S-divider re- 
ceives input light containing a short-wavelength Xs and 
a long wavelength X/in the common port (c). and reflects 
a long wavelength light X/from the reflection port (/) and 
transmits a short wavelength light Xs from the transmis- 
sion port (s). 

[001 3] Figures 3A and 3B show configurations of the 
combiner, where Figure 3A represents an L-type dielec- 
tric multi-layer filter (L-combiner), and Figure 3B repre- 
sents an S-type dielectric multi-layer filter (S-combiner). 
The L-combiner receives input light containing a short- 
wavetength Xs from the reflection port (s) and a long 
wavelength X/from the transmission port (/)» and outputs 
light containing a long wavelength X/and a short wave- 
length Xs from the common port (c). On the other hand, 
the S-combiner receives input light containing a short- 
wavelength Xs from the transmission port (s) and a long 
wavelength X/from the reflection port (/), and outputs 
light containing a long wavelength X/and a short wave- 
length Xs from the common port (c). 
[0014] Referring to Figures 1A and 1B, the dividers 
(L- and S-dividers) 3,. 5, perform the steps described 
above, and divide the multiplexed signal light containing 
a long wavelength X/and a short wavelength Xs into a 
long wavelength signal light X/and a short wavelength 
signal light Xs, which are input into the respective am- 
plifying sections (L-a and S-amplifying sections) 1, 2, 
and are combined in the combiners 4, 6 and multiplexed 
light signals are thus output. 

[0015] However, there are problems in the perform- 
ance of the light amplifiers described above, which wiii 
be explained in the following. 

[001 6] Figures 4A and 4B show gain spectra obtained 
in the amplifying sections (L-, S-amplifying sections) 1 , 
2, where Figure 4A shows an overall view of the gain 
region while Figure 4B shows details of gains in the vi- 
cinities of the wave boundaries (wavelengths Xtr-s to Xtr- 
/) of the L- and S-amplifying sections. In Figure 4B, 
wavelengths in the L-amplifying section are denoted by 
Xr and those in the S-amplifying section are denoted by 
Xs*, and the peak gains in the L-, S-amplifying sections 
are denoted by G while the wavelength-specific gains 
for X/*. Xs* are denoted by G*. 

[0017] Figures 5A and 5B show loss spectra in the L- 
divider, and show the losses relating to a transmission 
loss between ports c and s, and the same between ports 
c and / (refer to Figures 2A and 2B), which are denoted 
respectively by Lest and Lcfl where 1 indicates that the 
losses are related to long wavelengths. Figure 5A shows 
the loss in the overall view of the gain region and Figure 
5B shows the details of the loss in the wave boundary. 
For both Lcs1 and Lc/1, the loss becomes larger as the 
wavelength of the signal waves moves away from the 
respective boundary wavelengths (wavelengths Xtr-s to 
Xtr-/) into fringes of the respective gain regions. 
[0018] However, in the long wavelength side of the 
loss spectrum (i.e., at the Xtr-/ end), the loss Lcs1 be- 



tween the port s (for reflected light) and the common 
port c is limited to a certain constant value, because of 
the contribution from residual reflection components in 
the dielectric multi-layer filter. 

5 [0019] The difference in the wavelengths Xtr-s to Xtr- 
/ (referred to as the boundary bandwidth) is typically 
5~10 nm at a 15 urn wavelength, and the limiting value 
and the loss at the wavelength Xs* are typically about 
1 0 dB and 20 dB, respectively. The boundary bandwidth 

70 and the siope of the curve of ioss spectrum in the vicinity 
of the wave boundary are dependent on the parameters 
(composition and the number of layers of lamination) of 
the dielectric multi-layer filter. 

[0020] Figures 6A and 6B show the loss spectra of the 

ts S-type divider, where Figure 6A, 6B relate, respectively, 
to the transmission losses between ports s and /. and 
between ports c and / shown in Figures 2 A and 2B (re- 
ferred to as Lcs2, Lci2, where 2 indicates that the losses 
are related to short wavelengths). Figure 6 A refers to 

20 the overall view of the loss region and Figure 6B shows 
details of losses in the wave boundary. Both Lcs2, LcI2 
show a tendency to increase as the wavelengths of the 
signal waves move away from the respective boundary 
wavelengths (wavelengths Xtr-s to Xtr-/) into fringes of 

25 the gain regions. 

[0021] However, in the short wavelength side of the 
loss spectrum (i.e., at the Xtr-s end), the loss Lcs2 be- 
tween the port / (for reflected light) and the common port 
c is limited to a certain constant value, which is caused 

30 by the contribution from residual reflection components 
in the dielectric multi-layer filter. 

pmmmjhv T-i «l . . _ I _*l *k ~ Ur 

[UU^iij ll IB uii I CI ci iuc ill uic wavcicnyuio /\.ii-o iu fuii- 

/ (referred to as the boundary bandwidth) is typically 
5— 10 nm at a 15 um wavelength, and the limiting value 
35 and the loss at the wavelength Xs* are typically about 
1 0 dB and 20 dB, respectively. The boundary bandwidth 
and the slope of the curve ol loss spectrum in the vicinity 
of the wave boundary are dependent on the parameters 
(composition and the number of layers of lamination) of 
the dielectric multi-layer filter. 

[0023] The loss spectra of the L- and S-type combin- 
ers are the same as the loss spectra of the L- and S- 
type dividers shown in Figures 5 and 6, because of the 
reciprocality of light propagation. That is, if the transmis- 

45 sion ports are the same, the loss values are the same. 
[0024] Figures 7A and 7B show loss spectra in the op- 
tical circuits of a conventional optical amplifier. The loss- 
es are incurred in the L- and S-amplifying sections, and 
the circuit loss is represented by a sum of the losses in 

50 the dividers and combiners, and are expressed in the 
units of dB. Figure 7 A shows the losses in the L-type 
divider and combiner shown in Figure 1A, and Figure 
7B shows the losses in the S-type divider and combiner 
shown in Figure 1 B. 

55 [0025] In the case of the L-type amplifier, the loss val- 
QlT(deT^te^ by U)"in th^S^a^ 

length Xf is limited to 20 dB, which is twice the limit value 
(about 10 dB). These values, 20 dB and 10 dB, corre- 
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spond to non-dimensional numbers, 100 and 10, re- 
spectively, so that the former is ten times the latter. On 
the other hand, the case of the S-type amplifier, the loss 
value (denoted by Ls) in the L-amplifying section at a 
wavelength *s* is limited to 20 dB, which is twice the 
limit value (about 10 dB). In other words, the loss ot sig- 
nal light at the wavelength Xs* is limited to ten times the 
limit value. 

[0026] As explained above, in the vicinity of the wave 
boundaries, because the wave separation properties in 
the dividers and combiners are not perfect, the output 
light, for example wavelength XT, from its primary circuit 
(through the L-amplifying section) is affected by the con- 
tribution from the residual light in the reflection circuit 
(through the S-amplifying section). 
[0027] For the purpose of providing a quantitative ex- 
planation, the optical powers of the primary output light 
and the residual light are designated, respectively, by P 
and P*. If the value of P* is not sufficiently small com- 
pared with P, coherent interference is generated and in- 
terference noise will be superimposed on the signal light 
to cause operational problems. For example, in an op- 
tical communication system, an increase in bit error rate 
will lead to degradation of the system performance. 
[0028] In the L-type divider and combiner (ret erto Fig- 
ure 1 A), P and P* are related to the input power Pin (in 
units of dBm) according to the following expressions. 



P = Pin + G and P* = Pin + G* - L/ 



P-P* = G-G* + L/ 



(D 



(2) 



where G* is the gain in the residual circuit and LI repre- 
sents the circuit loss described in Figures 7A and 7B, 
and wavelength-dependent losses in the dividers and 
combiners are neglected for simplicity. If it is assumed 
that the difference between G and G* is smaller than U 
and can be neglected, the difference between P and P* 
is equal to L 1 from equation (2). In the example given 
in Figures 7A and 7B, U is about 20 dB, but this value 
is not sufficiently large, so that interference noise is gen- 
erated. 

[0029] Similarly, in the configuration based on S-type 
dividers and combiners (refer to Figure 1B), P and P* 
are related to the input power Pin (in units of dBm) ac- 
cording to the following expressions. 



P = Pin + G and P* - Pin + G* - Ls 



P-P* = G - G* + Ls 



(3) 



(4) 



neglected, the difference between P and P* is equal to 
Ls from equation (4). In the example given in Figures 
7A and 7B, Ls is about 20 dB, but this value is not suf- 
ficiently large, so that interference noise is generated. 
s [0030] If it is assumed that 30 dB is a sufficiently high 
value of the difference P-P* to prevent the interference 
noise 1rom being generated, in the wavelength regions 
where the gain difference, G-G*, is less than 10 dB, it is 
obvious that interference noise cannot be neglected. 
70 [0031] In the amplifier based on L-type dividers and 
combiners, the signal wavelength in the long wave- 
length region to produce a gain difference G-G* of less 
than 10 dB is designated by Xr* as indicated in Figures 
4A and 4B, and the gain value at this wavelength is des- 
ignated by G*\ Then, as shown in Figure 7A, in the re- 
gion from the vicinity of the signal wavelength Xs** 
(where the power difference P-P* in the short wave- 
length region becomes less than 30 dB) to the vicinity 
the signal wavelength XT*, the optical power difference 
20 p-p* js less than 30 dB. Therefore, because of such dou- 
ble adverse effects, i.e. : insufficient differences in gain 
as well as output power levels caused by residual re- 
flection components in both L- and S-devices, interfer- 
ence noise generated in the boundary bandwidth caus- 
es es degradation in the amplifier performance. Similar re- 
sults occur in the amplifier based on S-type dividers and 
combiners, and therefore, it creates a difficulty that the 
useable wavelengths are restricted in the conventional 
design of amplifiers regardless of the wavelengths of di- 
30 viders and combiners. 

[0032] As discussed above, in the conventional tech- 
nologies based on dielectric muiti-iayer fillers, interfer- 
ence noises are unavoidable in the signal waves in the 
vicinity of the wave boundaries, and therefore, it creates 
35 a problem that the useable wavelengths are restricted. 
Even in those systems using dividers and combiners not 
based on dielectric multi-layer filters, the same prob- 
lems are experienced because the wavelength division 
properties of the dividers and combiners are not perfect. 

40 

SUMMARY OF THE INVENTION 

[0033] It is an object of the present invention to re- 
solve the problems outlined above, and provide an op- 

45 tical amplifier having a broad bandwidth of useable 
wavelength for processing input signal light. 
[0034] According to the present invention, the object 
has been achieved in an optical amplifier comprising: 
an optical divider for dividing input signal light according 

so to wavelengths; two amplifying sections disposed in par- 
allel and having different wavelength amplification re- 
gions for amplifying respective light signals emitted from 
the optical divider; an optical combiner for combining the 
light signals output from the respective amplifying sec- 

ss tions; and an optical filter disposed in series with at least 



where Ls represents the circuit loss described in Figures 
7A and 7B. If it is assumed, for simplicity, that the differ- 
ence between G and G* is smaller than Ls and can be 



one of the two amplifying sections for generating a loss 
in a specific wavelength region. 

[0035] The optical amplifier of such a design enables 
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to narrow the latent noise region by the action of the filter 
in generating a loss in residual reflection components 
created by the wave division effect in the optical divider 
so as to increase the gain performance of the signal 
processing circuit associated with the optica! filter. 
[0036] Also, the object has also been achieved in an- 
other design of the optical amplifier comprising: an op- 
tical divider using a dielectric multi-layer filter for dividing 
input signal light according to wavelengths; two ampli- 
fying sections disposed in parallel and having different 
wavelength amplification regions for amplifying respec- 
tive light signals emitted from the optical divider; and an 
optical combiner for combining light signals output from 
respective amplifying sections using a filter having a 
blocking wavelength region different than the dielectric 
multi-layer filter provided in the optical divider. 
[0037] The optical amplifier of such a design enable 
to narrow the latent noise region as a result of improved 
gain in the signal processing circuits because the trans- 
mission region of the dielectric multi-layer filter used in 
the optical divider is different than the dielectric multi- 
layer filter used in the optical combiner. 
[0038] Accordingly, the present optical amplifier pro- 
vides benefits that the wavelength bandwidth of the la- 
tent noise region has been narrowed and, consequently, 
the bandwidth of useable wavelengths of signal light that 
can be used for optical processing purposes has been 
broadened. 

[0039] The reference numerals appended in the 
claims do not limit the interpretation of the claims. 

BRIEF DESCRIPTION OF THE DRAWiNGS 

[0040] Figures 1 A, 1 B are schematic diagrams of the 
configurations of an optical amplifier according to the 
conventional technology. 

[0041] Figures 2A, 2B are schematic diagrams of con- 
ventional L-type and S-type dividers. 
[0042] Figures 3A, 3B are schematic diagrams of con- 
ventional L-type and S-type combiners. 
[0043] Figures 4A, 4B are graphs showing the gain 
spectra in the conventional amplifying section. 
[0044] Figures 5A, 5B are graphs showing the loss 
spectra in a conventional L-type divider (and an L-type 
combiner). 

[0045] Figures 6A, 6B are graphs showing the loss 
spectra in a conventional S-type divider (and an S-type 
combiner). 

[0046] Figures 7A, 7B are graphs showing the circuit 
loss spectra in the conventional optical amplifier. 
[0047] Figures 8A, 8B are schematic diagrams of the 
first configuration of the optical amplifier of the present 
invention. 

[0048] Figure 9 is a graph showing the circuit loss 
spectrum in the first configuration. 



[0050] Figure 11 is a graph showing a circuit loss 
spectrum in the second configuration of the optical am- 
plifier of the present invention. 

[0051] Figure 12 is a schematic diagram of the con- 
s figuration of Embodiment 1 of the optical amplifier of the 
present invention. 

[0052] Figure 13A, 13B are graphs showing the gain 
spectra of the optical amplifier in the first embodiment. 
[0053] Figure 14 is a graph showing the circuit loss 
70 spectrum in Embodiment 1. 

[0054] Figure 15 is a schematic diagram of the con- 
figuration of the optical amplifier in Embodiment 2 of the 
present invention. 

[0055] Figures 1 6A : 1 6B are graphs showing the gain 
is spectra in the amplifying section in Embodiment 2. 
[0056] Figure 17 is a graph showing the circuit loss in 
Embodiment 2. 

[0057] Figure 18 is a schematic diagram of the con- 
figuration of the optical amplifier in Embodiment 3. 
20 [0058] Figure 19 is a graph showing the circuit loss 
spectrum in Embodiment 3. 

[0059] Figure 20 a schematic diagram of the configu- 
ration of the optical amplifier in Embodiment 4. 
[0060] Figure 21 is a graph showing the circuit loss 

25 spectrum in Embodiment 4. 

[0061] Figure 22 is a schematic diagram of the basic 
configuration of the conventional optical amplifier. 
[0062] Figure 23 is a schematic diagram of the third 
configuration of the optical amplifier of the present in- 

30 vention. 

[0063] Figure 24 is a schematic diagram of the con- 
figuration of the opiieai amplifier in Embodiment 5 of the 
present invention. 

[0064] Figure 25 is a schematic diagram of the con- 
35 figuration of the optical amplifier in Embodiment 6 of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0065] The following embodiments do not restrict the 
interpretation of the claims relating to the present inven- 
tion, and the combination of ail the features explained 
in the embodiments are not always indispensable 

45 means of solving the problem. 

[0066] The first configuration of the present optical 
amplifier is shown in Figures 8A and 8B. Figure 8A 
shows a configuration based on an L-type divider and 
an S-type combiner (referred to as L-divider and S-com- 

so biner hereinafter), and Figure 8B shows a configuration 
based on an S-divider and an L-combiner. Figure 9 
shows the circuit loss spectra of the amplifier in the first 
configuration, relating the circuit losses through the L- 
and S-amplifying sections, representing a sum of the 

55 losses in the divider and combiner in units of decibels 



[0049] Figures 10A. 10B are schematic diagrams of 
the second configuration of the optical amplifier of the 
present invention. 



~(ciB)7This~loss spectra are obtained from the~loss spec- 
tra shown in Figures 5 and 6 which were explained in 
the section on the related art. The loss values are typical 
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values as described in the section concerned with the 
related art. 

[0067] The wavelength region that shows less than 30 
dB power difference, P-P* f in Figure 9 occurs from the 
vicinity of >-s* to the vicinity of Xf. This difference in the 
wavelengths (difference between the wavelengths in 
the vicinities of Xs* and 7J*) is considerably smaller than 
the difference in the corresponding wavelengths (differ- 
ence between the wavelengths in the vicinities of \s** 
and \r~) described in the section concerned with the 
related art. That is, according to the first configuration, 
bandwidth of the signal waves affected by the interfer- 
ence noise is narrower compared with that of conven- 
tional amplifiers, because the residual reflection compo- 
nents have been reduced, thus enabling to expand the 
useable bandwidth of signal waves. 
[0068] The second configuration of the optical ampli- 
fier is shown in Figures 1 0A and 10B. Figure 1 0A shows 
a configuration based on an L-divider and an L-combin- 
er, and Figure 10B shows a configuration based on an 
S-divider and an S-combiner. 

[0069] According to the second configuration, an ex- 
tra optical filter is added to the conventional technology. 
The optical filter 7 in Figure 1 0A is a short wavelength 
transmission type and the optical filter 8 in Figure 10B 
is a long wavelength transmission type. The filters 7, 8 
include 2-port optical filters having dielectric multi-layer 
filters or fiber gratings that reflect those signal waves 
having wavelengths in the vicinities of boundary wave- 
lengths. 

[0070] However, when optical amplifiers based on 

1 o . r\ 1 *:u ~~ ~ -J ~ 

auui iiacia / di iu CD, uiih^ii iy t-pui i upuua i unci aicn laoo 

of dielectric multi-layer filters, amplifiers can be pro- 
duced at lower cost compared with amplifiers based on 
other types of optical filters, because of the low cost of 
making dielectric mufti-layer filters. When the filters 7 
and 8 are made of fiber gratings, optical amplifiers uti- 
lizing such filters are advantageous because the inser- 
tion losses due to insertion of signal waves are smaller 
compared with the insertion losses experienced by oth- 
er types of filters so that higher gain and output power 
as well as lower interference noise can be obtained from 
such optical amplifiers. 

[0071] In Figures 10A and 10B, although the optical 
filters 7, 8 are placed in the aft-stag e of the L- and S- 
amplifying sections, they may be placed in series in the 
fore-stage. However, considering the insertion loss of 
the optica! filters, the aft-stage placement is more ad- 
vantageous than the fore-stage placement, because the 
interference noise is lower in such an arrangement. 
[0072] Figure 11 shows a circuit loss spectrum of the 
optical amplifier based on the second configuration, es- 

_ pecially. the use. of lan L-divider and an _ L-combiner K 
shown in Figure 10A. The optical filter 7 in this case is 
based on a 2-port optical filter having dielectric multi- 

^layeTfilters, relating the circuit tosses through thet^and- 
S-amplifying sections, and representing a sum of the 
losses in the divider and combiner in units of decibels 



(dB). These loss spectra are obtained from the loss 
spectra shown in Figures 5 and 6 relating to the section 
on the related art. The loss values are typical values as 
described in the section concerned with the related art. 

5 [0073] The wavelength region that shows less than 30 
dB power difference, P-P*. in Figure 11 occurs from the 
vicinity of Xs** to the vicinity of Xtr-/. This difference in 
the wavelengths (difference between the wavelengths 
in the vicinities of Xs** and Xtr-/) is considerably small 

to than the difference in the corresponding wavelengths 
described in the section concerned with the related art. 
That is, according to the second configuration, band- 
width of the signal waves affected by the interference 
noise is narrower compared with that of conventional 

is amplifiers, thus enabling to expand the bandwidth of 
useable signal wavelengths. 

[0074] The foregoing embodiments were ail based on 
dielectric multi-layer filters, but the following optical am- 
plifiers are based on other types of filters. 

20 [0075] Figure 23 shows a third configuration of the op- 
tical amplifier. The divider (1:1 division) and combiner 
are either fiber couplers (combiners), whose perform- 
ance properties do not vary with wavelengths, or a com- 
bination of a fiber coupler and either a divider or a com- 

25 biner made of dielectric multi-layer filters. 

[0076] Because the signal wavelength Xs in the short 
wavelength band is close to the wavelengths in the wave 
boundary between the long and short wavelength 
bands, such signal waves tend to mix with the long 

30 wavelengths in the long wavelength L-amplifying sec- 
tion, and therefore, such mixed wave components are 

At;**.;,**-.*,**-! u.. nino«;n#<. ^«f;~«-ii f;it«^ *u ^ ^.+^.«« ^.f 

the L-amplifying section. The loss value in the optical 
filter for the mixed waves should be higher than 30 dB 

35 for the same reasons as explained earlier. 

[0077] Although a combination of a circulator (as a di- 
vider) and a fiber grating (as a combiner) is used in Ref- 
erences 5 and 6, the fiber grating clearly serves a dif- 
ferent purpose than the optical filter provided in the 

*o present invention as a constituting element for the pur- 
pose of eliminating residual reflection components. 
[0078] In the three configurations presented above 
(first to third configurations), there are two amplifying 
sections, however, when there are three amplifying sec- 

45 tions, it is clear that the same configuration and results 
can be derived by re-configuring the amplifying circuit 
in such a way that two adjacent long wavelength bands 
are grouped to be processed in one amplifying section 
using a pair of divider and combiner, as explained 

so above, so that the operation is the same as the amplifier 
having two amplifying sections. Even if the number of 
amplifiers exceeds four, other alternative arrangements 

__mayjsim_ilar|y beprovided. Therefore, the p 

tion is valid in any amplifier having more than two am- 

ss plifying sections. 

[0079] — ln~thefol!owingrvariousembodiments-of-the- 

optical amplifier based on the present configuration de- 
signs will be explained with reference to the drawings. 
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Embodiment 1 

[0080] Figure 1 2 shows an optical amplifier in Embod- 
iment 1 . This is an example of using an erbium doped 
fiber amplifier (EDFA) in the amplifying section. A regu- 
lar EDFA for short wavelength band (S-type EDFA) 1 1 
is used for processing short wavelength signals, and a 
long wavelength band (L-type EDFA) 12, having the 
bandwidth enlarged by a gain equalizer, described in the 
section concerned with the related art, was used for 
processing long wavelength signals. 
[0081] Figures 13A and 13B show schematic dia- 
grams of the gain spectra of the amplifying sections (S- 
type EDFA and L-type EDFA) in Embodiment 1, where 
Figure 13A relates to the overall view of the spectrum 
and Figure 1 3B relates to the details of the spectrum 
near the wave boundary. The wave boundary extends 
from 1 562 to 1566 nm. The number of layers of the di- 
electric multi-layer filter is approximately 100. The peak 
gain of the amplifying section is 20 dB, and the gains for 
S-type EDFA and L-type EDFA at 1570 nm are 10 dB 
for each. Figure 14 shows the circuit loss spectrum of 
the amplifier in Embodiment 1 . 

[0082] The boundary bandwidth in which the differen- 
tial power P-P* of the signal waves is less than 30 dB is 
approximately 1560—1568 nm according to the results 
shown in Figures 1 3, 1 4. It means that the bandwidth of 
the "latent noise region" is 8 nm. On the other hand, in 
the conventional optical amplifiers based on L-type di- 
vider and S-type combiner, the corresponding boundary 
bandwidth is approximately 1 561 — 1 574, resulting in the 
bandwidth of the latent noise region of 1 3 nm. 
[00831 As explained above, compared with ihe con- 
ventional technologies, the bandwidth of the latent noise 
region (wavelength region that cannot be used for signal 
waves because of interference noise effects) in the 
present optical amplifier is about a half of the conven- 
tional width (8/13 to be exact). 

Embodiment 2 

[0084] Figure 1 5 shows a configuration of the optical 
amplifier in Embodiment 2. This is an example of using 
a semiconductor laser amplifier (SLA) in the amplifying 
section. The wavelength gain region of SLA can be 
changed by varying the semiconductor composition ra- 
tio. In this embodiment, although short wavelength band 
SLA (S-type SLA) 1 3 and long wavelength band SLA (L- 
type SLA) 14 are being used, and they have primarily 
different composition ratios of semiconductors. 
[0085] Figures 16A and 16B show schematic dia- 
grams of the gain spectra of the amplifying sections (S- 
type and L-type SLA) in this embodiment, where Figure 
16A relates to the overall spectrum and Figure 16B re- 
lates to the spectrum near the wave boundary. The wave 
boundary extends from 1560 to 1570 nm. The number 
of-layers of the dielectric multilayer filter is approximate^ 
ly 50. The peak gain of the amplifying section is 20 dB, 



and the gains for S-type SLA 13 and L-type SLA 14 at 
1585 nm are 10 dB for each. Figure 17 shows the circuit 
loss spectrum of the amplifier in this embodiment. 
[0086] The boundary bandwidth in which the diff eren- 
s tial power P-P* of the signal waves is less than 30 dB is 
approximately 1554—1576 nm according to the results 
shown in Figures 16, 17. It means that the width of the 
latent noise region is 22 nm. On the other hand, in the 
conventional optical amplifiers based on L-divider and 
S-combiner. the corresponding boundary bandwidth is 
approximately 1557—1595, resulting in the width of the 
latent noise region of 38 nm. 

[0087] As explained above : compared with the con- 
ventional technology, the width of the latent noise region 
(wavelength region that cannot be used for signal waves 
because of interference noise effects) in the present op- 
tical amplifier is about a half of the conventional width 
(22/38 to be exact). 



[0088] Figure 1B shows a configuration of the optical 
amplifier in Embodiment 3. This is an example of using 
a semiconductor laser amplifier (SLA) and an optical fil- 
ter in the amplifying section. The wavelength gain region 
of SLA can be changed by varying the semiconductor 
composition ratio. In this embodiment, although short 
wavelength band SLA (S-type SLA) 1 3 and long wave- 
length band SLA (L-type SLA) 14 are being used, they 
are primarily different in the semiconductor composition 
ratios. 

[0089] The structure of the amplifying section in this 
embodiment is the same as that in Figures 1 6 A and 1 6B. 
The number of layers in the dielectric multi-layer filter, 
L-divider, L-combiner and the optical filter 1 5 used in the 
amplifier shown in Figure 18 is approximately 50. Figure 
19 shows circuit loss spectrum for the amplifier in this 
embodiment. 

[0090] The boundary bandwidth in which the differen- 
tial power P-P* of the signal waves is less than 30 dB is 
approximately 1556—1570 nm according to the results 
shown in Figures 16, 19. It means that the bandwidth of 
the latent noise region is 14 nm. On the other hand, in 
the conventional optical amplifiers based on L-divider 
and L-combiner, the corresponding boundary band- 
width is approximately 1557—1595, giving the width of 
the latent noise region as 38 nm. 
[0091] As explained above, compared with the con- 
ventional technology, the width of the latent noise region 
(wavelength region that cannot be used for signal waves 
because of interference noise effects) in the present op- 
tical amplifier is about a third of the conventional width 
(1 4/38 to be exact). 



[0092] Figure 20 shows a configuration of the optical 
amplifier in Embodiment 4. This is an example of using 
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a fiber Raman amplifier (FRA) in the amplifying section. 
The wavelength gain region of FRA can be changed by 
varying the pumping wavelength. The amplifier in this 
embodiment is a 3-wavelength band amplifier, based on 
the concept outlined earlier to regard an amplifier for two 
wavelength bands as one amplifying section. A short 
wavelength band FRA (S-type FRA) 16 and a long 
wavelength band FRA (L-type FRA) 17 are used to con- 
struct a 2-wavelength band optical amplifier, which is 
designated as the new long wavelength band FRA (L*- 
type FRA), and a short wavelength band FRA (S*-type 
FRA) 13 is used at the short wavelength end of the new 
L*-type FRA, as a third amplifying section, in associa- 
tion with an L-divider (3') and an S-combiner (6'). The 
outlines of the gain spectra of the amplifying sections 
(S-type FRA, L-type FRA, and SMype FRA) are shown 
in Figure 21 . 

[0093] The number of layers of the dielectric multi-lay- 
er filters used in the L-divider and S-combiner used in 
this embodiment is approximately 50. Similar to Embod- 
iment 3, the width of the latent noise region relates, in 
this case, to the widths of the two wave boundaries in 
the 3-wavelength bands, and both are 14 nm. On the 
other hand, in the conventional optical amplifier, the cor- 
responding boundary bandwidth is 38 nm. 
[0094] As explained above, compared with the con- 
ventional technology, the width of the latent noise region 
(wavelength region that cannot be used for signal waves 
because of interference noise effects) in the present op- 
tical amplifier is about a third of the conventional width 
(14/38 to be exact). 

Embodiment 5 

[0095] Figure 24 shows a configuration of the optical 
amplifier in Embodiment 5. TTiis configuration appears 
similar to the one for Embodiment 1, but Embodiment 1 
is based on the first amplifier configuration, and Embod- 
iment 5 is based on the third amplifier configuration of 
the present invention. The amplifying section is com- 
prised by an S-type EDFA for short wavelengths, an L- 
type EDFA for long wavelengths, and the divider and 
combiner are made of fiber couplers that are not de- 
pendent on wavelength and having a 1:1 split ratio. A 
fiber grating is placed in each aft -stages of the S-EDFA 
and L-EDFA for eliminating long wavelength signal 
waves and short wavelength signal waves, respectively, 
to serve as optical filters, and are respectively referred 
to as L-fiber-grating and S-fiber-grating. The S- and L- 
EDFA respectively amplify signal waves having wave- 
lengths in a range of 1530—1560 nm and wavelengths 
in a range of 1570—1600 nm. 

[0096] The S-fiber-grating filters only those signal 
waves having wavelengths in a range of 1550— 1560 nm 
to generate a loss value of more than 20 dB. However, 
the L -EDFA generates a gain of more than 20 dB for, 
wavelengths of signal waves in a range of 1570—1600 
nm, at the same time, a gain of less than 1 0 dB for wave- 



lengths of signal waves in a range of 1550—1560 nm. 
and a loss of more than 10 dB for wavelengths of signal 
waves in a range of 1530—1550 nm. Also, the L-fiber- 
grating filters only those waves having wavelengths in 

5 a range of 1570—1600 nm to generate a loss value of 
more than 20 dB. However, the S-EDFA generates a 
gain of more than 20 dB for wavelengths of signal waves 
in a range of 1530—1560 nm, at the same time, a gain 
of less than 10 dB for wavelengths of signal waves in a 

to range of 1 570—1600 nm. Fiber gratings having such op- 
tical properties can be produced readily at low cost. 
[0097] In this embodiment, non-useable wavelength 
range for signal waves is 10 nm that exists between 
1560—1570 nm. This value is less than half the value 

is generally observed in the conventional technologies 
and is clearly less than the conventional amplifiers that 
do not use L- and S-fiber-gratings. 
[0098] Also, in this embodiment, because the divider 
and combiner used in the input section and output sec- 

20 tion of the amplifier have a split ratio of 1 : 1 and no wave- 
length dependency, compared with an amplifier based 
on wave-separation type divider and combiner such as 
dielectric multi-layer filters, an excess loss value of 
nearly 3 dB is generated. However, fiber couplers hav- 

25 ing a 1 : 1 split ratio and no wavelength dependency have 
an advantage that they generally cost less than other 
types of filters. Also, the excess loss can be compen- 
sated by providing additional means. 



[0099] Figure 25 shows a configuration of the optica! 
amplifier in Embodiment 6. This configuration may ap- 
pear similar to the one for Embodiment 1 , but a signifi- 
es cant diffe rence is that the divider is based on a dielectric 
multi-layer filter and the combiner is based on a fiber 
coupler having a 1:1 split ratio and no wavelength de- 
pendency. Also, an S-fiber-grating is placed in the aft- 
stage of the L-EDFA as an optical filter for filtering signal 
40 waves in the short wavelength band. 

[0100] The S-fiber-grating filters only those signal 
waves having wavelengths in a range of 1 550— 1 560 nm 
to generate a loss value of more than 10 dB. However, 
the L-EDFA generates a gain of 20 dB for wavelengths 
45 of signal waves in a range of 1570—1600 nm, at the 
same time, a gain of less than 1 0 dB for wavelengths of 
signal waves in a range of 1550—1560 nm, and a loss 
of more than 10 dB for wavelengths of signal waves in 
a range of 1530—1550 nm. Also, the S-divider gener- 
50 ates a loss of more than 10 dB for signal waves in a 
range of 1 530— 1 560 nm between input port (c) and port 
(I) connecting to the L-EDFA. 

[0101] In this embodiment, the latent noise bandwidth 

is 10 nm that exists between 1560— 1570 nm. This value 
55 is clearly less than the conventional amplifiers that do 
not_use~S=fiber_gratings,-and-is less-than half-the-value 

generally observed in the conventional technologies. 

[0102] The present invention has been demonstrated 
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using examples as described above, but the configura- 
tions of the amplifiers are not limited to those demon- 
strated in specific examples, and includes those circuit 
designs within the concept outlined in the present inven- 
tion. 



7. An optical amplifier according to claim 6, wherein 
said optical divider (3) uses a long wavelength 
transmission type dielectric multi-layer filter, and 
said optical combiner (6) uses a short wavelength 
s transmission type dielectric multi-layer filter. 



Claims 

1. An optica! amplifier comprising: 

an optical divider for dividing input signal light 
according to wavelengths; 
two amplifying sections (1 , 2) disposed in par- 
allel and having different wavelength amplifica- 
tion regions for amplifying respective light sig- 
nals emitted from the optical divider; 
an optical combiner for combining the light sig- 
nals output from the respective amplifying sec- 
tions; and 

an optical filter disposed in series with at least 
one of the two amplifying sections for generat- 
ing a loss in a specific wavelength region. 

2. An optical amplifier according to claim 1, wherein 
said amplifier has an optical filter (7) disposed in se- 
ries with a short wavelength region of an optical am- 
plifier (2), and generates a loss in a long wavelength 
region. 

3. An optical amplifier according to claim 1, wherein 
said amplifier has an optical filter (8) disposed in se- 
ries with a long wavelength region of an optical am- 
plifier (1), and generates a loss in a short wave- 
length region. 

4. An optical amplifier according to claim 1, wherein 
said optical divider uses a dielectric multi-layer filter. 



8. An optical amplifier according to claim 6, wherein 
said optical divider (5) uses a short wavelength 
transmission type dielectric multi-layer filter, and 

1 o said optica! combiner (4) uses a long waveiength 
transmission type dielectric multi-layer filter. 

9. An optical amplifier according to claim 2, wherein 
said optical divider (3) uses a long wavelength 

is transmission type dielectric multi-layer filter, and 
said optical combiner (4) uses a long wavelength 
transmission type dielectric multi-layer filter. 

10. An optical amplifier according to claim 3, wherein 
20 said optical divider (5) uses a short wavelength 

transmission type dielectric multi-layer filter, and 
said optical combiner (6) uses a short wavelength 
transmission type dielectric multi-layer filter. 

25 11. An optical amplifier according to one of claim 9 or 
1 0\ wherein said optical filter uses a dielectric multi- 
layer filter. 

12. An optical amplifier according to one of claim 9 or 
30 10, wherein said optical filter uses a fiber grating. 

13. An optica! amplifier having parallel amplifying sec- 
tions, wherein said amplifier according to one of 
claims 1 to 12 is disposed in one of the amplifying 

35 sections. 



5. An optical amplifier according to claim 1, wherein *o 
said optical combiner uses a dielectric multi-layer 
filter. 



6. An optical amplifier comprising: 

45 

an optical divider using a dielectric multi-layer 
filter for dividing input signal light according to 
wavelengths: 

two amplifying sections (1 , 2; 1 1 , 1 2; 1 3, 1 4) dis- 
posed in parallel and having different wave- 50 
length amplification regions tor amplifying re- 
spective light signals emitted from the optical 
divider; and 

an optical combiner tor combining light signals 
output from respective amplifying sections us- ss 

ing a-filter-having a blocking wavelength- region 

different than said dielectric multi-layer filter 
provided in said optical divider. 
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